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Lecture 14 : Skepticism

Hello and welcome to the fourteenth and final instalment in this new series on Understanding Science. I've managed to extend the original eight lectures with six new topics that I hope you've found interesting, and today we're going to look at arguably the most important topic of all. Scientific skepticism is the goal towards which I think every thinking human being should aim, and in this lecture I'm going to have a good go at convincing you to think the same way.
 
I'll cover a history of skepticism, and I'll explain what the term means. I'm also going to look at misconceptions of skepticism and I'll address its misuse in everyday speech. Most importantly, I'll give you my pitch for the right way to approach the most important issues that we, as a society, face. And, right at the end, because I'm feeling generous, I'm going to explain how you can get a copy of my new book on the subject, that I'm giving away as an educational aid absolutely 100% free. And you guys get to read it first, as a reward for sitting through all fourteen lectures of this series.
 
So let's get started.
Introduction
I've used the term Skepticism a lot over the course of this lecture series, and it might seem strange to explain what I mean right at the very end. But I see Skepticism as the inevitable conclusion of a series of arguments that I started thirteen lectures ago, and I want to summarise that entire thought process over the course of this lecture. You could see it as a conclusion to a very lengthy argument, but I hope I've done enough to make pretty much everything I'm about to say completely self-evident.
But just to head off a few obvious disagreements ahead of time - skepticism and cynicism are very different things. Skepticism doesn't just mean "doubting everything". I admit it has sometimes come to mean that in popular culture, but that's not the technique that I want to talk about today. When someone makes a claim and you reply "I'm skeptical about that", the chances are that what you mean is "I doubt that." Doubt and skepticism are related but they're really not the same thing.  If I had to summarise scientific skepticism in a single sentence, I would say "Scientific skepticism is the application of best practices to knowledge acquisition." Maybe that's a bit too buzzwordy, so to unpack that a little, what it really means is that Scientific skepticism is an approach to claims that involves combining the best of our existing knowledge with our understanding of the flaws and limitations in human perception, and through a process of rational enquiry, aiming to get as close as possible to the truth of things.
You would think that's a fairly uncontroversial view. And in many circles it probably is, but unfortunately it generates some conclusions that are likely to be strongly opposed by many segments of the population. People, after all, have a bit of a predisposition towards believing things because they want to believe them, making decisions based on emotions and then attempting to retroactively justify them using biased arguments. Holding to scientific skepticism also involves accepting a number of positions that I consider to be undeniable, but which might not really have occurred to a lot of people.
	Truth is important, and reliable conclusions are preferable to false but comforting ones.

Human perception is often unreliable and can be biased by emotions or prior beliefs.
When examining any claim we should, as much as possible, consider the sum total of all relevant knowledge on the subject.
The best process we have for investigating empirical claims is the Scientific Method.
Again, I don't think that these are even vaguely controversial, but some people do. And that's an argument that we can have, but it's only part of the problem, because there are also people who accept these positions wholeheartedly, but reject their implications. And there is a whole industry of people attempting to justify holding pseudoscientific positions, and simultaneously also claiming that they care about the truth and trust and believe in the results of real science.
Before we go any further, I'd like to clarify a bit more about scientific skepticism, and I think the best place to start is to look at how it came about.
Historical Skepticism
Part of the confusion about the term Skepticism comes from its historical usage. The original Skeptics were an ancient Greek philosophical school, founded around the 3rd Century BCE. Skeptics rejected absolute knowledge, saying that it was impossible to be absolutely certain of any truth or falsehood. They argued that no proof is possible for any claim as all proof relies on other proofs, which in turn rely on other proofs, and so on forever. To the skeptic there was no absolute basis for knowledge that was immune to doubt. All opinions, they claimed, were fundamentally built on pure speculation.
This philosophy developed over the years, and was perhaps most famously expressed by the 17th Century French philosopher René Descartes, who famously stated "Cógito érgo sum", or "I think, therefore I am". Descartes had been thinking hard about the skeptical problem - how can anyone ever have absolute knowledge of anything given that all our understanding is based purely on perception, and our perception is fundamentally untrustworthy? The conclusion that Descartes came to was that, no matter how much he doubted his senses and no matter how much he doubted every single aspect of the Universe that he was able to perceive, yet still at the very centre of it all, there was this doubt and this doubt required a doubter. The fact that such doubt existed, and he was able to contemplate it, meant that there was an "I", there was a "doubter", there was a person who was doubting. And this, for Descartes, was the final indestructible core of his philosophy - something that could be known absolutely beyond all doubt. And from that basis, Descartes attempted to build an edifice of knowledge. I think pretty much all modern philosophers would agree that he failed to do so convincingly, but that's way beyond the scope of this lecture.
Philosophical skepticism is still a popular topic of debate, and a confusing one too. Modern entertainment has provided us with an ideal illustration of the skeptic position - the 1999 Science Fiction blockbuster "The Matrix". Spoilers coming up, so if you haven't seen the film, at least go and watch the first half hour before continuing with this video. But seriously, where have you been if you haven’t seen the Matrix?
Anyway, in the film The Matrix, the protagonist wakes up from a world he believed to be real, and discovered that, instead, he had been living all his life inside a giant machine, a simulated world which did not exist in physical reality, but was just computer code, simulated inside the unconscious minds of countless human subjects, just batteries inside a nightmarish robotic future. The protagonist, played by Keanu Reeves, was absolutely certain of everything that he knew until that day he took the red pill and woke up from the Matrix and realised that none of it had been real. Essentially, what Descartes was saying was that we cannot prove that we are not inside the Matrix right now - there is no test that we could possibly do that would distinguish a real world from that of an enormous simulation. And as long as that is true, we cannot know anything with any certainty.
So philosophical skepticism seems like a fairly destructive world view. After all, if you can never know anything other than that you exist, how could we ever progress at all? How could we ever make the world a better place? Well, to all but the most ardent of philosophical skeptics, I think it's obvious that we have built up a huge amount of knowledge over the last few centuries, and that it has vastly improved the human condition. Ardent skeptics, of course, will say that we don't know that at all, because we can't know anything. But I think we can safely leave them behind at this point. So out of all of this philosophy comes a far more useful worldview of scientific skepticism, which we can look at next.
Scientific Skepticism
So how do you get from the destructive and nihilistic philosophy of the skeptics, to a modern movement that prides itself on its focus on empirical thought - that is, on gathering data with our senses from the physical world?  Scientific skepticism extends from philosophical skepticism by adding a couple of extra, albeit vitally important, assumptions. I looked at these right back in the first ever lecture and have assumed them ever since. And, in fact, it's impossible to make any meaningful progress without them. You may remember them from before, but I'm going back through them now that we know a lot more about science, and skepticism in general, so you can see where they fit into the whole picture.
	Our senses genuinely tell us something useful about the real world.
	The laws of science are constant in time and space.

 
Let's look at those in turn, and see how they transform the skepticism of the philosopher into scientific skepticism.
The first of these is perhaps the most profound departure from philosophical skepticism, which in fact says precisely the opposite. The philosophical skeptic fundamentally rejects as untrustworthy his or her direct experience of the world. What the scientific skeptic does is something subtly different - the scientific skeptic acknowledges that our senses are highly unreliable, and that we cannot rely on them alone to understand the world around us with any degree of certainty. Yet the scientific skeptic realises that our senses are not totally random - that they do actually give us valuable information.
Of course, this position completely ignores what is arguably the most difficult topic in all of philosophy - that of "hard solipsism". In other words, the Matrix problem. How do we know that we're not in the Matrix with all our perception of the world being completely fabricated? Well, the short answer is that we don't - there is no way to know that and ultimately all we can ever do is admit that we cannot deny that possibility. So what scientific skepticism does is to say that what really matters is the world that we experience - the "real" world, as far as we know. That's the world we're investigating, and we can say nothing about whether it really is the real world or not. Nobody can. But assuming it to be so allows us to make progress in learning about the world we experience, and that's what actually matters.
Once we allow the assumption that our senses tell us something useful about the world then we can start mapping out where our senses are reliable and where they are not - we can start making models based on what we see and hear, and we can form scientific hypotheses from those models and check how well they compare with reality. Then we can start working out how our senses deceive us, and we can form techniques that enable us to bypass those shortcomings and gather reliable information.
Let's look at the second assumption - and remember, these are assumptions, and we don't have and solid reasons for knowing these to be true. However, assuming them to be true has allowed us to make some extraordinary steps over the last few centuries, so it seems like our assumptions have been justified.
The second assumption says that the laws of the Universe are constant in time and space. In other words, if we discover that massive objects obey gravity here on Earth, we assume that they obey exactly the same laws of gravity everywhere else in the Universe, and that they always have done, and always will. This is known in relativity as the assumption that there are no privileged frames of reference. It means that everyone measures the same laws of physics wherever, whenever and whoever they are.  Again, we don't have any solid reason to believe that this is true, though evidence seems to show that it is the case and we certainly don't have any reason to believe that it is not true. For example, we can observe the laws of gravity at a very large distance through astronomy - we can check how stars and galaxies move at great distances, and hence we can check that they obey the same laws that we see here on Earth.
Likewise, we can look at stellar spectra and make sure that the physics inside stars is constant across millions of light years. In fact, at even greater distances, the whole science of cosmology is based around being able to measure constant physical features across extremely large distances - billions of light years. We have measured the light from a few hundred million years after the big bang - right at the other side of the observable Universe - and it agrees with exactly what we expect to see given models of physics discovered on Earth in the modern era.
The Cosmic Microwave Background radiation - a faint background of very low energy photons that exist across the night sky, and which was formed when the Universe was only a few thousand years old - agrees perfectly with the predictions of 21st Century physics; the same physics that we use to describe nuclear processes on Earth today. So I think this second assumption makes a lot of sense. And again, without it we cannot make any progress - indeed, nobody possibly could with or without science.
So that's the basis for scientific skepticism. Let's compare it with a few other worldviews that take different approaches to the discovery of information.
 Skepticism, Gullibility and Cynicism
I mentioned earlier that skepticism is definitely not just a synonym for "doubt", and neither is it the same as cynicism. Let's look at what skepticism actually means with respect to other related terms, and to do that, we need to look at the various ways we approach evidence.
 
If you look up the word gullibility in a dictionary you'll find that it isn't actually there. Gullibility is a made-up word which was invented in the 1930s by the Disney Corporation to... heh only kidding. Gullibility is obviously a word, and it refers to the property of people to believe, or be tricked into believing, certain claims without sufficient evidence. Gullible people are often overly trusting - and it's one of the saddest aspects of gullibility that it's often a weakness of the kindest people in society, who have an overly optimistic view of human nature. Gullible people are usually credulous – that means that they are willing to believe claims with insufficient evidence. Importantly, this doesn't mean that they are wrong about everything - just that their filters for determining whether or not information is trustworthy are not very well formed. Some of the beliefs that get through will be perfectly true, and others will be false. Gullible and credulous people are often optimists, but are also often a bit naïve and are not able to subject new claims to the scrutiny that those claims deserve.
 
If you imagine a scale concerning attitudes to new knowledge with gullibility at one end, then the other end would be occupied by cynicism, closed-mindedness and dogmatism. A cynic is someone who is overly lacking in trust of the people around them, who presumes that everyone is out to deceive them and who rejects claims without giving them the thought they deserve. Closed-mindedness has been covered elsewhere in this lecture series - it's the tendency to refuse to consider new claims, or claims that conflict with those that you already hold. And dogmatism is the property of stubbornly sticking to beliefs that you have decided to hold, regardless of what objections are raised against them. These three are all clearly closely related, and they concern an overall pessimism and a naïve approach to evidence that errs on the side of cowardice and negativity.
 
I hope it's obvious from these descriptions that skepticism is nothing like either of these two extremes. It's a simplistic view, but if we consider this spectrum, skepticism is at the optimum point immediately between gullibility at one end and cynicism at the other end.

Skepticism is optimistic - it sees most people as good and honest and unwilling to deceive, but it realises that others are not. And that even those who are not wanting to deceive can sometimes do so by accident. And for information gathered from the physical world, skepticism acknowledges that our interpretation of new information is often guided by our own biases and desires. Science aims to take the human beings out of the decision making process as much as possible, and scientific skepticism states that we should build our beliefs on a combination of scientific empiricism and rational, critical, skeptical thought.
 
But skepticism certainly isn't dogmatic, closed-minded or cynical either. We've gone through this debate a lot already, but to reiterate, the skeptical point of view is that truth is the most important virtue of any belief. Skepticism, therefore, cannot possibly be dogmatic or closed-minded because that would shut it off from potential truths.

The skeptic approaches claims with a suitable level of doubt - the skeptic is aware of the Bayesian Priors that exist for any claim, and takes those into account when considering any new evidence. Extraordinary claims require extraordinary evidence, so often a skeptic is unmoved by evidence that would sway any person without access to, or without trust in, the scientific literature. To those who believe implausible claims, this reluctance to dive headfirst into a new belief system seems like closed-mindedness, but in reality it's just the way we have to react if we want to hold the most plausibly true beliefs.
 
I certainly don't want to give the impression that a skeptic is a Spock-like character, unmoved by human emotion and passively, coldly reacting to the world around them. Of course that couldn't be further from the truth - a skeptic believes that we are best able to appreciate life, to marvel at the Universe, to support and love those around us, and to participate in human society to its fullest when we embrace what is real and reject falsehoods. A skeptic has a strong belief in the innate goodness of human nature, but realises the shortcomings of the human mind.

Understanding why our minds are attracted to beauty doesn't detract from that beauty. Appreciating the way in which our eardrums convert vibrations of air molecules to electrical impulses in the brain doesn't make a powerful piece of music any less moving or emotive. On the contrary, it enhances it - it adds another dimension to our enjoyment of everything that humans find pleasurable and uplifting. The human brain has evolved to react emotionally to all sorts of events in our lives. Don't deny those emotions, embrace them. Emotions make our lives worthwhile. Just don't let your emotions decide what medicine will best treat your disease, that's all.
Why Skepticism?
I hope I've shown you what skepticism is, and what it entails and I hope that the general argument I've put together makes sense. If you want to approach claims in a rational way then you really ought to use the best techniques we have for getting at the truth or falsehood of empirical claims, and that's the scientific method. And if you have such a method then it makes sense to use it for everything, not just the easy questions in life, but also the hard ones. And when it disagrees with what you want to believe, then you need to decide whether you want to live with the most comforting answers, or the most likely ones, and if you choose to live as close to reality as possible then you need to have the courage of abandoning your old beliefs and embracing new ones from time to time. But the good news is, if you follow the methods of scientific skepticism, you should end up with much more trustworthy beliefs and a worldview that corresponds as closely as possible to the real world. These beliefs enable you to adapt to the world around you with minimal effort, and to remove from your life that horrible feeling of cognitive dissonance that you get when somewhere, deep down, you know that your beliefs don't correspond with reality.
 
I call this situation "mental twister". You know the popular party game with a mat of various coloured circles, and a spinning pointer with which you randomly select one of your hands or feet and a colour onto which to place it. And it starts easy as you place your two hands down on nearby colours, but then one of your feet has to stretch to the other side of the mat for a "red" circle, and the second foot has to twist backwards to hit "green", and before too long you can't remain in balance and you topple to the floor.
 
Mental twister is a bit like that. You start with a few beliefs that seem reasonably coherent, but soon you come into contact with more and more of reality, and it conflicts with your pre-existing beliefs and you are forced to twist in more and more convoluted ways to fit everything together. You build up cognitive defences to hide the cognitive dissonance and make seemingly mutually contradictory facts somehow fit together. But it takes a huge amount of effort - it takes strength of will and often significant anxiety, to maintain such a web of beliefs. Reality and fiction don't easily sit side by side - they jostle with each other continuously and that continual conflict drains you. Until eventually something snaps - either you abandon one of your beliefs or else you topple. Some people drop the pseudoscience, they give up delusion, superstition, conspiracy theories. Others drop reality - retreating from the real world in ever decreasing circles of delusion and paranoia.
 
Sooner or later, whatever you believe, it will come face-to-face with reality. You can't avoid that. But you can make sure that your beliefs align as closely as possible with reality so that the meeting will strengthen you rather than tear you apart. The freedom that comes with abandoning pseudoscience is like, to me, the freedom that you get when you stand up from a twister board, stretch out your limbs, and realise that you don't have to contort your body in ways it doesn't want to go any more. You develop an entirely different view of the world. You let go of a lot of anger that you might have felt for those who opposed your previous views - people who might have had a perfectly good reason for doing so. I think a lot of the anger felt by those with pseudoscientific views is probably caused by their subconscious battling to keep the views alive because they fulfil some emotional need. Once we realise that a lot of our beliefs are held for emotional rather than rational reasons, and that there are other beliefs that conform with reality that we can use instead to fulfil the same emotional needs, we can start to avoid the pain of mental twister. And we can finally understand, and sympathise with those who have different views to our own.
The Main Lesson
Of course, nothing in science is permanent - it's not like some religions where abandoning your faith could doom you to eternal torment with no hope of redemption. No, science works in a very different way - we abandon ideas when the evidence moves against them, and then we take them back up when the evidence moves back in their favour. It's a constant flow. Of course, in most cases, the evidence only ever moves in one direction, but it's not always the case. Some ideas are temporarily rejected and then come back to prominence maybe decades later. A great example is Einstein's idea of the Cosmological Constant. The story is now famous - when Einstein was thinking through his model of the Universe, he noticed that a Universe full of massive objects - stars and galaxies - would tend to collapse in on themselves because gravity is an attractive force. However, he also believed - as did practically all astronomers at the time - that the Universe was stable and had been forever and would continue to be for eternity. So to counteract the force of Gravity tending to make things collapse together, Einstein added the cosmological constant, which represented a force tending to make objects move apart, and these two forces balanced each other so that the whole system remained stable. It was a bit like an inflated balloon, with the tension in the rubber of the balloon trying to collapse, but the air pressure from within exactly counteracting that and keeping the balloon inflated.
 
However, a few years after Einstein added in the cosmological constant, the American astronomer Edwin Hubble discovered that the Universe wasn't stable, but it was in fact expanding rapidly. The idea of the Big bang was born - a single point in time at which the Universe was born. And Einstein, now not requiring the cosmological constant any longer, abandoned it entirely. And the cosmological constant was confined to the dustbin of scientific history as Einstein's greatest blunder. Until the very end of the twentieth century and the beginning of the 21st Century, that is, when measurements showed that the Universe was, in fact, accelerating in its expansion, not decelerating as the models at the time predicted. Something was pushing the Universe apart, against the force of gravity. And the cosmological constant was resuscitated, replaced into the equations, and it's now an accepted component of modern cosmological models.
 
Here's the lesson from this anecdote: that it's ok to change your mind, and it's ok to be wrong. What's most important is to make the best decision we can with the evidence we have. And that's where scientific skepticism steps in. The best decision is the one that fits best with the evidence we have - all the evidence we have - and that includes the findings of science throughout the centuries, not just the evidence directly related to the claim you're evaluating. When you watch the magician saw the lady in half, the evidence you see with your eyes is telling you that she has been sliced through. But the accumulated knowledge of science through the ages tells us that humans don't function too well when you sever their spinal column and internal organs, and it also tells us that magicians are people who use misdirection, trick apparatus and other methods to convince us that we are seeing things that aren't actually real.
 
When we go to a magic show we're aware that we're being tricked. The greatest realisation that I want you to get from this lecture - indeed, from this entire lecture series - is that this is happening to us all the time. Magicians know the shortcuts that the human brain takes, and they know how to take advantage of its weaknesses to alter our perception of reality. But those weaknesses aren't just open to magicians. Every time we see an optical illusion, every time we watch a commercial on television or a political broadcast, every time we read a newspaper, every time we speak with a salesperson our brains are taking in information that has been extremely cleverly constructed to achieve a certain effect. It's not always even a conscious action - we have learned over time that certain ways of behaving are more likely to achieve the goals we want to achieve than others. We know the things to say, the ways to behave when we want to be friendly, when we want to comfort or excite those around us, just as certainly as the con-man knows how to convince us that he's trustworthy and that his magic potion will cure our disease.
 
Our senses are not reliable - not just occasionally wrong, but also easy to manipulate. Our human brains evolved to solve certain problems, and they do that spectacularly well, but in order to do so they needed to take some shortcuts. Optical illusions exploit some of those, but so do these other messages that you will encounter every day. And so do many completely innocent coincidences that play on our innate confirmation bias and our overactive pattern recognition. So do faces in the clouds, or on toasted sandwiches, that hook into our brain's excellent face-detection algorithms. So do commercials who feature beautiful, happy smiling people so that we subconsciously associate that vision of happiness - that dream life - with the product that's being sold.
 
Why are pain medications so often red, whereas sleeping pills are often blue or green? Because studies show us that the human mind subconsciously associates the colour red with a more potent painkilling effect, and light, pastel shades with relaxation. Changing the colour of a pill can improve the effect it has on us.  Google "Buy a Wall Clock". Go on - do it now. Check the Images. Why is it that almost every single one of them has the hands at ten-to-two? Because that looks like a smiling face, so subconsciously we are more likely to think favourably of it.  And so on. And so on.
 
Some of these things are harmless. Some are less so. Lack of skeptical thinking might lead you to purchase some washing powder you don't really need. But it also leads some people into conspiracy theories, religious cults or hate groups. Lack of critical thinking and, by extension, a denial of scientific skepticism is at the heart of nearly every bad thing that human civilisation has ever done. Every time a child coughs in agony or dies from a vaccine preventable disease, remember that scientific skepticism would have saved that child's life. Every time a far-right hate group or tabloid newspaper tries to build hatred and fear of some religious or ethnic minority, remember that scientific skepticism would render their message entirely impotent. Every parasitic con-man preying on the vulnerable by offering them a false hope of happiness or medical miracles, would immediately go out of business if their claims were met with scientific skepticism.
 
There is no panacea - no cure-all for the problems of this planet. I'm not suggesting that scientific skepticism is a perfect solution to all the world's ills, but I will say this: I cannot think of a single problem that would be made worse by evaluating claims with a calm, rational, evidence-based view. And I can think of many problems that would be significantly improved, or even eradicated entirely by such an approach. And that's why I think that critical thinking and the art of scientific skepticism is a vital tool for the future prosperity of humankind.
 

Educating Newton
So it's Christmas time in most Western countries, and even if you don't live in a country or a culture that celebrates this time of year, I'm sure that you'll all appreciate a gift to reward you for the hard work you've gone through in completing this fourteen lecture course on "Understanding Science".
A few years ago I had an idea for a book that I wanted to write. The concept was simple - what would happen if I were given a chance to speak with one of the greatest human beings who ever lived - someone who formed a whole school of thought, or revolutionised an entire discipline? Someone who, even now, hundreds of years on, still stands out from the rest as an exceptional example of human brilliance at its best.
I thought about how I would explain to that person the changes that had taken place in their field of expertise between their death and the modern day. The first person I thought of was Johann Sebastian Bach. How could I explain to him the transition from the music that he wrote in the 17th and 18th Centuries, through the centuries, the great symphonies of the 19th century, the powerful Nationalism of the Soviet Union, jazz, blues, country & western, pop, rap... ? To do that would tax my knowledge to its very limits – but it would be a genuinely thrilling educational experience for both of us.
And then I thought about a different character - Isaac Newton. Perhaps the greatest scientist of all time, and one of its most colourful characters. If I were to meet him, and attempt to talk him through the changes that happened in science between his death in 1727 and today, almost 300 years later, how could I explain to him the extraordinary changes that took a fledgling subject, barely beyond its philosophical roots, right the way through the Industrial revolution, the invention of electricity, flight, relativity, atomic physics, quantum mechanics, cosmology... ? I realised that not only would that story present an opportunity to learn a huge amount about those areas of science that I hadn't studied before, but it would also give a fascinating insight into some of its most extraordinary characters, including Newton himself.
But I didn't want to write a history book or a simple book listing scientific achievements and theories, attempting to explain what they meant – there’s plenty of books like that but I wanted to do something more. As you might have guessed, to me the most important lesson to be learned from Science is not the amazing things that have been discovered using science, but it's the process of science itself. How does it work? What lies behind three centuries of the most extraordinary technological development? What can we learn from all of this about ourselves, our 21st Century society, and the way that we live today?
That book took me several years to write, in lots of small chunks with large pauses in-between. I finished it almost a year ago, and looked briefly at publishing it officially, but didn't get very far. So often you read stories of authors who persisted through rejection after rejection until eventually, years later, they got their lucky break. I guess I don't have that kind of mindset - I wrote this book for myself, and I never expected to earn any money from it, so recently I made the decision to give it away for free online.
And here it is. It's available on my web site at www.frayn.net/books/newton. It's in PDF format, and it's entirely free. The usual caveats apply - it comes with a standard licence saying you can't copy it and pass it off as your own, but you're perfectly at liberty to make as many copies as you want and send it to your friends, family, colleagues - anyone who you think could benefit from learning a bit more about science.
I think it's accessible - I haven't assumed much and I've gone to great lengths to avoid complicated terminology. There are no pages of maths or impenetrable equations, and I hope I've scattered it with enough fascinating stories to keep your interest.
I would genuinely love to hear feedback. If you have any comments on the book itself then please drop me an email at the usual address. Ultimately this is for everyone, so I know there will be subject matter experts who get frustrated by the lack of depth in some areas, or things that I’ve glossed over, but you can't have everything. Still, it is what it is and I'd love it if you downloaded it and had a read. And, whatever you're doing this holiday season, I hope you have a lovely time. Take a few days off, relax, curl up with a good read and maybe learn something interesting.
Review
We're nearly at the end of this fourteenth and final lecture of my Understanding Science series. I think it's worth just going over all the lectures we've shared in this series, and giving you a short take-away point from each. I hope you've been watching them in order, but if you haven't then maybe you should consider this a preview of what you've missed. I honestly think that the lectures work best when you watch them all, and I hope you'll find time to do so.
 
We started with a lecture on Proof. What does it mean in science to prove something? If you remember, I introduced the concept of the spectrum of Certainty, which I've carried throughout this lecture course. At one end is "certainly true", at the other end is "certainly false", and there's a continuum in-between. Science involves moving claims around on the spectrum of certainty as we gather more evidence in favour or against.
 
The second lecture covered "Bayes' Theorem" in which I introduced the concepts that are now, I hope, second nature. Our approach to evidence provided for a claim, as scientists, should take into account not only the degree to which the new evidence supports the claim, but also the degree to which it equally well supports other claims, and the Prior - the opinion that we have regarding the claim from our accumulated knowledge so far.
 
The Scientific Method was the topic of the third lecture - I covered how science is a process for testing hypotheses by gathering empirical data, measuring the degree to which it supports or opposes our hypotheses, and then by publishing these conclusions and allowing the scientific community to look for faults in our reasoning, and reproduce our results.
 
Next I looked at Pseudoscience - the field of claims that attempt to drape themselves in the clothes of scientific-sounding terminology, but which, under the covers, don't use scientific methods and come to unscientific conclusions. Pseudoscience can mislead the public who don't necessarily have a good understanding of science as a process, or the findings of science itself, but who are taken in by people exhibiting the trappings of legitimate research. To defeat pseudoscience, it's important that the general public learn to understand how science works, and to trust the scientific consensus - a trust which scientists have historically been poor at developing.
 
The Burden of Proof was the next topic I covered - answering the claim often raised by pseudoscientists that we should all believe the claims they make until they can be proved false. But in reality, that's not how a rational person should approach new claims. As stated before, new claims should be considered based on how well they mesh with existing knowledge, and the strength of the evidence offered in their favour. If that combination is found lacking then that means, to the best of our knowledge at this time, that claim is probably false and should be provisionally rejected until or unless the claimant can provide a better standard of evidence in its favour.
 
Next I covered the topic of Conspiracy Theories - and I talked about the enormous psychological benefits that are brought by believing in a conspiracy theory - the excitement and the sense of belonging. Attempting to help people in that situation is very hard, but ultimately conspiracy theories can be very destructive and hurtful, and can support damaging pseudoscientific delusions such as the anti-vaccination movement or, even more destructively, the global warming deniers.
 
Intuition is the sense that we have where we come up with an answer to a problem without thinking deliberately through the evidence for and against. Our intuition is an evolved sense that is extremely powerful and allows us to do a lot of things very well that we have so far proven spectacularly bad at teaching to computers. But intuition also has problems - an overreliance on intuition can see us rejecting claims for poor reasons, or accepting things because of emotional desire rather than any
 
Logical Fallacies are arguments that we occasionally use that don't make sense. I listed many in my lecture, and there are plenty more for you to discover if you spend a few minutes browsing the Internet. It's important to learn some of these so you can understand why some arguments made by pseudoscientists fail, and perhaps even recognise some flaws in your own arguments that you should easily be able to shore up.
 
Science and Scientists - in this ninth lecture, I covered the difference between Science as a process, and science as exercised by fallible human beings. Humans make mistakes, of course, but it's important to distinguish between the scientific method, the underlying process of science, and the way it might have been imperfectly implemented in human society.
 
Next we looked at the Supernatural and I put forward the argument that the supernatural is both an incoherent concept and one with an exceptionally low Bayesian Prior.
 
A common way pseudoscientists and the like defend extremely unlikely views is by Special Pleading, which I covered next. Special Pleading is the method of inventing logically possible excuses that are often completely without any supporting evidence whatsoever, in order to escape from often overwhelming evidence against a possible theory. It's used frequently in pseudoscience and theology - with entire fields of research such as theodicy working almost exclusively in this model.
 
The Galileo Gambit is a technique used by less intellectually honest pseudoscientists to try to lend some support to their claims. They say that science persecuted Galileo and rejected his claims and they were wrong then, so they could just as easily be wrong now with whatever claim the pseudoscientist is peddling. The flaws of this argument are obvious, but it did lead to an interesting discussion on the scientific establishment, and the reasonableness of belief.
 
Finally, in lecture 13 we talked about Significance where I introduced the concept of measuring significance by comparing experimental results designed to demonstrate some hypothesised effect, against the results expected under a null hypothesis where no such effect exists. I looked at how significance is often measured in terms of standard deviations, often called by the shorthand sigma, and I showed how significance can be faked, deliberately or accidentally, and how to counter that.
 
Finally today, I've talked about skepticism, which is to me the obvious conclusion of everything I've been saying - to approach claims with the appropriate balance of doubt and open mindedness. And with that I've drawn this lecture series to a close.

Summary
So this is the last slide. Once again, thank you very much for listening to my lecture series and I truly hope it's been useful and educational for you. Perhaps it's answered some questions that you've always had and never managed to answer before, or maybe it's given you a new perspective on some things that you used to think differently about.

Either way, I hope you also download my book and that it entertains and educates you in equal measure. I'm confident that it will. And if you decide that scientific skepticism makes sense, as I hope you will, then there are a great many resources out on the Internet to help you look into it further. There are many excellent podcasts and there are many excellent books. If I had to suggest one of each, I would unhesitatingly suggest the Skeptics Guide to the Universe Podcast, and Carl Sagan's book "Demon Haunted World". Both are clear stand-outs in their fields and will enhance your life enormously.
 
I'm already working on several other projects, and I'm planning out what to do next with my video lectures, so make sure you sign up to my channel and you'll get a notification when I release something new. If you have friends or relatives who would benefit from this series then please send them on. If you know anyone who could get the message out to more people then I would be overjoyed to get the view count on these videos up by a few orders of magnitude. That would help me to know that I'm moving in the right direction, and more importantly it would help a lot of people understand what science is all about, and I believe that's a valuable lesson for all.
 
Whoever you are, and whatever you choose to do with this information, I wish you all the very best and I hope that we meet again soon.
 
Thanks for listening.
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